How important is the effect of exchange rate fluctuations on the competitive environment faced by domestic firms and the prices they charge? To answer this question, this paper examines the 17% appreciation of the yuan against the US dollar from 2005 to 2008. In a monthly panel covering 110 sectors, a 1% appreciation of the Yuan increases US import prices by roughly 0.8%. It is then shown that import prices, in turn, pass through into producer prices at an average rate of roughly 0.7, implying that a 1% Yuan appreciation increases the average US producer price of tradable goods by 0.8%*0.7=0.56%. In contrast, exchange rate movements of other trade partners have much smaller effects on import prices and hardly any effect on producer prices. The paper next demonstrates that the pass through response into import prices is heterogeneous across sectors with different characteristics such as traded-input intensity or the shape of demand for the sector's goods. In contrast, the rate at which import prices pass through into domestic producer prices is found to be homogenous across the sectors. Finally, the insights of the analysis are employed to simulate the inflationary effect of a Yuan revaluation. For example, the relative price shock caused by a 25% appreciation of the Yuan spread evenly over 10 months is equivalent to a temporary increase of the US PPI inflation rate by over five percentage points. Because such an appreciation would also influence the overall skewness of the distribution of price changes at the sectoral level, it would likely also impact U.S. equilibrium inflation.
Introduction
The topic of China's exchange rate policy against the US dollar is currently the "most salient of controversies in international monetary economics" (see Frankel (2010) ) and there are not many signs that the discussion will go away any time soon. US policy makers have repeatedly demanded that China revalue its currency by 20% to 40% (see for example Geithner (2009) ), demands that have consistently been rebuked by Chinese government officials.
While a discussion of the Chinese exchange rate policy seems justified given the magnitude of the US-Chinese trade imbalance, it is striking that the inflationary effect of an appreciation of the Renminbi (yuan in what follows below) has not entered the policy discussion at all. The rise of cheap imports from China was a major contributing fact to the low-inflation environment during the last decade (see IMF (2008) , , Bugamelli et al. (2009) , and ). If economic policies such as a yuan appreciation are successful in reducing global "imbalances", also the disinflationary effect of cheap Chinese imports will at least partly be reversed.
Indeed, the sheer volume of imports from China suggests that the inflationary effect of a yuan revaluation cannot be negligible: last year, Chinese exports to the US were worth over 300 billion USD, implying that nearly a sixth of all US consumption of manufactured goods is actually made in China (see Rynn (2005) ). What would happen to US inflation if firms producing one in six goods in the US consumer's shopping basket -and virtually all clothing, toys, or consumer electronics, not to mention the shopping basket itself -suddenly face 20% to 40% higher labor costs? Such an event would have a substantial impulse on inflation due to the weight of Chinese goods in the US inflation index; more importantly, it also seems likely that such a dramatic shock might alter the equilibrium prices in many industries altogether, leading to widespread inflationary dynamics.
This paper quantifies the indirect inflationary effect of a yuan appreciation on the competitive environment in US producer markets. It does so by studying the 17% appreciation of the yuan against the US dollar during 2005 and 2008 . The analysis examines how the appreciation passed through into US import prices and, in turn, how these import prices then affected US producer prices. The first part of this exercise is motivated by the recent advances studying the microeconomic determinants of exchange rate pass through into import prices 1 and the literature quantifying how exchange rate movements pass through into aggregate prices.
The principal difference between this study and the existing literature is its focus on domestic prices. In the analysis below, the principal dependent variable of interest are US producer prices, measured as "prices received by domestic producers for their output" (see BLS (2010) , emphasis added). China is the world's largest exporter and if the yuan appreciates, this affects the equilibrium prices that US producers charge. In this paper, I set out to quantify the latter indirect effect of exchange rate changes on domestic price setting.
In this sense, the empirical exercises most closely related to this study is not the literature on exchange rate pass through, but the work of Chen et al. (2009) and , who analyze how long-run changes in import competition affect the "toughness" of competition and the prices of domestic firms. Here, I do not analyze the long run effect of increasing trade integration, but the short run dimension of how fluctuations of the exchange rate affect the competitive environment. 3 The second difference of this study compared to the existing literature is the origin of the exchange rate shocks. The yuan appreciations originated from policy decisions rather than from market movements. There are strong reasons to believe that such policy decisions are affected differently by macroeconomic shocks in the US or China than market movements of the exchange rates would be (as there would be no reason to intervene if the market-determined and the policy-desired exchange rates coincided).
Given that the origin of the shocks that caused the yuan to appreciate during 2005 to 2008 are different from market-determined exchange rate movements, there are strong reasons to believe that also the rate of pass through following these appreciation differs from the rate of pass through following market-determined exchange rate movements. 4 In particular, during 2005 to 2008, Chinese policy makers a attached a substantial weight on the euro when setting their exchange rate (see Frankel and Wei (2008 and ) and Frankel (2009) ). This peg led to a mechanical relation between the euro/dollar and yuan/dollar exchanges rate that causes cost shocks for Chinese exporters to the US.
Pass through might also be different for the case of the yuan revaluation compared to other currency movements since the path of the yuan was predictably going in one direction only (as forward contracts from the 2005 to 2008 period reveal). Thus, while a exporter from a country with a freely floating rate might only have responded to large shocks (since exchange rate volatility reduces incentives to adjust prices due to the implicit option value of waiting to see how the exchange rate evolves), Chinese exporters could predict that every appreciation was permanent and likely to be succeeded by future appreciations. Melitz and Ottaviano (2005) to model price complementarities. A second theoretical approach taken by Gust et al. (2010) builds on the strategic price complementarily modeled in Kimbal (1995) and Dotsey and King (2005) to analyze the pricing response of domestic and foreign firms to exchange rate shocks. See also Guerrieri et al. (2010) .
Last, one could also expect the rate of pass through for China to differ from the one for the rest of the world since sectors are heterogeneous in the rate of pass through and the composition of Chinese exports differs starkly from that of other nations. 6 Indeed, I find marked differences in the empirical estimates when comparing pass through following the yuan appreciation to pass through when other currencies move.
The first step of the analysis of this paper examines the pass-through rate into imports prices, finding that within the traded goods sector, the yuan exchange rate passes through into import prices at an average rate of 0.8. In contrast, the rate of pass through of other exchange rate movements (the rest of the world (ROW) exchange rate, which is a trade-weighted exchange rate average of all currencies except the yuan) is estimated below 03.
The second step analyzes the extent to which the exchange rate affects US producers prices. A 1% yuan appreciation increases the US producer prices of traded goods by 055% and -since traded goods have a weight in the PPI index of about 30% -the US PPI index by 0165%. Again, this is in stark contrast to the rate at which other exchange rates pass through into producer prices: there is no evidence that the trade-weighted ROW exchange rate passes through in producer prices at short horizons and, while it does pass through in the long run, it does so at a rate of less than 01.
In addition to analyzing the link between the exchange rate and producer prices directly, I also investigate the indirect link between import prices and producer prices in Two-Stage Least Square (2SLS) specifications that first analyze the impact of the exchange rate on import prices and thereafter the effect of import prices on producer prices. I find that import prices pass through into producer prices of traded goods at an average rate of roughly 07, implying that the 08% increase of import prices associated with a 1% yuan appreciation, in turn, increases US producer prices of tradable goods by roughly 07 * 08% = 056%.
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The third step investigates whether pass through is heterogeneous across sectors. I repeat both the reduced form estimations and 2SLS specifications, spliting the sample up by sector characteristics such as labor intensity of production, traded input intensity, the shape of demand for the sectors' goods, and general trade openness. 8 In reduced form estimations, there are large differences in the rate at which the exchange rate passes through ponent of changes in the exchange rate affect the relationship between the exchange rate volatility, prices, and profitability. Also Taylor's (2000) analysis of the degree of pass through depending on the inflationary environment makes a case for the importance of firm's expectation about the future evolution of desired prices when responding to exchange rate changes. 6 Goldberg and Tille (2008) and Gopinath et al. (2010a) demonstrate that the denomination of imports is of major consequences for the rate of pass through. Against this backdrop, it might be worthwhile to investigate whether Chinese imports tend to be more often dollar-denominated than imports from other origins. 7 To the best of the author's knowledge, the study at hand is the first to investigate the extent to which exchange rate induced-import prices movements feed into general producer price inflation. 8 Bacchetta and Van Wincoop (2003), Burstein et al. (2003) , and Goldberg and Campa (2010) make the case that distribution cost intensity plays a major role for the rate of pass through into consumer prices. Because the BLS considers retailing and wholesaling as services that are provided separately from the good itself (see Bureau of Labor Statistics (2010)), producer prices contain a much smaller share of distribution costs than do consumer prices.
into producer prices.
Next, reproducing the 2 SLS estimations for the various subsamples, I decompose the source of the heterogeneous pass through into producer prices, finding that import prices pass through into producer prices at rates that are rather similar across all sectors, yet that import prices react very heterogeneously to the exchange rate.
The fact that the response of import prices to the exchange rate is heterogeneous across sectors while the consequent response of producer prices to these import price changes is homogenous makes it possible to further test the 2SLS specifications. The latter are implicitly assuming that changes in the yuan exchange rate affect producer prices exclusively via their impact on import prices. To test this assumption, the analysis of section 7 adds interactions of the exchange rate with a sector characteristics to the estimation as additional instruments. As is documented below, the latter interaction-instruments satisfy the exclusion restriction even if the aggregate exchange rate is correlated with US prices for reasons other than the import price channel. Since the interaction instruments are valid also if the latter condition is violated, but the exchange rate is a valid instrument only if it holds, an overidentification test can examine whether this condition is true in the data. Following this approach, the analysis finds absolutely no evidence that the yuan exchange rate changes affect producer prices via any channel other than via import prices.
The forth step of paper investigates the response of the import volume from China to the yuan exchange rate. I find that the volume of imports is quite elastic to exchange rate changes, with a long run (24-36 months after an appreciation) elasticity of import volume to exchange rate changes equal to about −5. However, the response takes place very slowly, with import volume being nearly unaffected even 16 months after the exchange rate shock.
The fifth and last step of the analysis uses the before-presented findings to answer the following policy question: how sizeable is the relative price shock in terms of the overall US PPI if the yuan were to appreciate strongly? In particular, I investigate the size of the overall shock as a percentage of the PPI if the yuan appreciated by 25% within 10 months or 25 months. These scenarios, take into account the timing dimension of pass through, the heterogeneous pass-through rates across sectors, and the autoregressive structure of producer and import prices. Once the price response at the sectoral level is estimated, each impact is then multiplied by the sector's weight in the overall PPI, and finally, I sum over all weighted impulses at the sector level to come up with the magnitude of the total shock as a percentage of the overall US PPI.
These simulations reveal that a rapid yuan appreciation would lead to relative price shocks that are economically too large to ignore. For the scenario where the yuan appreciates for 10 months at a rate of 25% per month, the total relative price shock expressed as a percentage of the US PPI inflation rate is predicted well over 5 percentage points. Moreover, the relative price shock caused by the appreciation is also likely to affect U.S. equilibrium inflation since it has a strong influence on the sectoral distribution of price changes: the appreciation would cause a strongly right-skewed distribution of shocks to US producer prices. In the presence of menu costs, the skewness of relative shocks has an effect on equilibrium inflation owing to the asymmetric price responses of firms to small and large shocks (see Ball and Mankiw (1995) ). Thus, the simulations suggest that the relative price shocks induced by a yuan appreciation may well lead to increasing U.S. inflation.
It is found that at a slower rate of appreciation may be instrumental in containing the effects on US inflation. For the second scenario where the yuan appreciates at 1% per month for 25 months, the total relative shock expressed in terms of the PPI inflation rate does not exceed 2 percentage points, but is obviously more long-lived and the total relative shock on the US producer price index exceeds 1 percentage point for a period of nearly two years. However, such an apprecation would not affect the distribution of price shocks by much, so that the overall effect on US inflation may be well contained.
Policies that fix the US-Chinese trade balance will inevitably also create large relative price shocks in the US and may well inflate the economy at large. US and Chinese policy makers need to take into account these considerations when deciding on a course of action.
The Yuan and Aggregate US Prices During 2005 to 2008
Potentially as a reaction to the already then loud criticisms (see Bosworth (2004) and Overholt (2003) ) of its policy to keep the yuan fixed at a rate of 8.277 per dollar, Chinese authorities announced in 2005 that they would switch to a new exchange regime in which the yuan is fixed to a basket of currencies.
Since neither the precise basket of currencies nor the underlying weights ever were published, there has been a considerable debate on what currency policy China actually followed during this episode (see Frankel and Wei (2007 and 2008) and Frankel (2009) ). While it is thus not precisely known why the Chinese government decided to revalue the yuan from time to time, the unambiguous result is that during 2005 and 2008, the yuan appreciated a combined 17% against the dollar (19% when looking at changes in the natural logarithm). Figure 1 documents the evolution of the yuan-USD exchange rate (right axis in yuan/USD), the US import prices index of all goods originating from China (left axis), and the US Producer Price Index (PPI, also left axis). The graph starts in December 2003 since the Bureau of Labor Statistics (BLS) reports a separate import price index for goods originating from China starting with that date.
A first salient feature of the data is that the prices of Chinese goods have not kept up with general inflation in the US. While the US PPI index is now well over 20% higher than in December 2003, the prices of Chinese imports have fluctuated somewhat, but are roughly at their 2003 level.
The second salient feature of the data is that Chinese import prices only trended upward during early 2008, at the same time when the pace of the yuan appreciation was the highest. Also at other times, it seems that the increase in the Chinese import price index tended to be the most positively sloped when the rate of yuan appreciation was the highest.
To consider this relation more closely, Figure 2 relates monthly changes of the exchange rate (a positive value implies a yuan appreciation) to monthly changes in the Chinese import price index. Indeed, there is a strong positive association between the value of the Figures 1 and 2 study the relationship between the yuan/dollar exchange rate and Chinese import prices. But how does this exchange rate affect the general US import price level and the prices of US producers? I next answer this questions in a disaggregate analysis at sectoral level.
The reasons for going from an aggregate to a disaggregate analysis threefold. First, since different sectors differ in their characteristics, such analysis can give insights into the microeconomic determinants of pass through rates. Second, (as shown in Section 6 below) pass through is very heterogeneous across different sectors and failure to account for this heterogeneity may lead to an aggregation bias (see Imbs et al. (2005) ). Third, as is demonstrated in Section 7, the heterogeneous pass-through rate across sectors can also be employed to further test the proposed methodology.
Data Description
The analysis of this paper estimates the response of US import and producer prices in a monthly panel dataset spanning the years from December 2003 to December 2009. Trade data by sector and quarter is obtained from the United States International Trade Commission (USITC). The classification of the import data is 6-digit North American Industry Classification System (NAICS) and the selected trade type is the General Customs Value.
Information on import prices is available from the BLS at various levels of aggregation: there are 55 import price indices at the 5-digit level, 64 at the 4-Digit level, and 21 at the 3-digit level. In order to guarantee that all prices used in the analysis below are independent observations, I use the 55 price indices at the 5-digit level and add to this the 4-or 3-digit prices for which either no 5-digit price is available, or for which I can compute more 5-digit prices from the difference in the import prices index at the 5-digit and 4-digit level taking into account the weight of the 5 digit sectors within the 4-digit sectors. When assigning a 4-digit price to a 5-digit subsector, this is only done once per 4-digit sector (randomly selected), so that the prices included in the sample are independent. Information on producer prices is available at the 6-and 5-digit level for all the sectors for which import prices are available.
Last, also sector information such as import or labor intensity, or the sector's general openness to trade is included in the data. Industry is obtained from the Annual Survey of Manufacturers. This restricts the analysis to manufactured goods (NAICS codes 311111 to 339999) since only these sectors are covered in the Annual Survey of Manufacturers.
The overlap of trade information from the USITC, information from the Annual Survey of Manufacturers, and price information from the BLS yields 110 sectors (at the 5 digit level) when working with import prices, and 320 sectors when working with producer prices.
Exchange Rate Pass Through in Import Prices
This section investigates the response of import prices indices to the yuan appreciation. It is important to note that this exercise is conceptually different from the analysis undertaken in the recent literature establishing pass through at the goods level (see, for example, Gopinath and Rigobon (2008) . Pass through into the import price index has two components. The first effect is the accounting component: if Chinese goods in a certain manufactured goods sector, for example, account for 30% of the US import price index and pass through at the good level is 80%, by construction pass through into the sector's US import price index is equal to 0.8*0.3=24%.
There is, however, a second component working via the toughness of competition in each sector. China is the world's largest exporter and if the yuan appreciates, this affects the equilibrium prices that other countries exporting to the United States charge, leading to an overall pass-through rate of the yuan into the US import price index that can be substantially larger than the accounting component alone.
9 Table 1 documents that changes of the yuan exchange rate have strong and immediate effects on the US import PPI, whereas changes in other exchange rates are associated with an overall much milder and also more lagged effect on US import prices.
The structure of Table 1 is the following. All columns present the results of fixed effects panel estimations including the 1-month change in the US import PPI index at the 5-digit level of disaggregation as the dependent variable. In Columns (1) to (4), the independent variables include changes in the yuan exchange rate and lags thereof. In Columns (5) to (8) , the independent variables include changes in the trade-weighted exchange rate against all currencies other than the yuan and lags thereof. All estimations include a trend and fixed effects.
The difference in the pass-through rate into the US import price index for the yuan and the ROW exchange rate is the starkest in the short run. The specifications of Columns (1) and (5) estimate the pass-through rate into import prices at the 1-month horizon for the yuan (Column (1)) and for other currencies (Column (5)). The 1-month pass-through coefficient is estimated at 4622% for the case of China, while it is only estimated at 565% for the ROW exchange rate.
In Columns (2) and (6), I extend the forecasting horizon and include the 1 and 2 month(s) lags of exchange rate changes. For the case of the ROW exchange rate, (see Column (6)), the profile of how exchange rate changes pass through into import prices mirrors that found in earlier research at the good level and is also consistent with the findings of the literature establishing the pass through into aggregate price indices (see, for example, Goldberg and Campa (2010) ). The pass-through rate is close to 0 in the first month, increases to 8% after one month, and to a cumulative of 243% (0007+0080+0156) after three months.
In contrast, the rate of pass through of yuan movements into import prices (Column (2)) has a very different profile: the rate of pass through is estimated at 028% after the first month, at 82% (!!) after two months and at 629% after three months. This difference in the shape of the pass-through (PT) schedule is even more pronounced when evaluating the 1-year horizon in Columns (3) and (7) . For reasons of brevity, instead of adding nine additional one-month lags, three cumulative 3-months lags are added in Column (3) (in essence restricting the PT coefficients to be constant throughout each 3-months interval). Also when autoregressive terms are added to this specification in Columns (4) and (8), the timing of pass through differs starkly when the yuan appreciates as opposed to when the ROW exchange rate moves. Figure 3 documents the cumulative pass-through rate estimated at various horizons for changes of the yuan (black solid line, surrounded by two dashed lines representing the 95% Confidence Interval (CI)) and for exchange rate changes of the ROW exchange rate (grey solid line, again surrounded by two dashed lines representing the 95% CI). The pass-through coefficients displayed in this figure are computed following Gopinath et al. (2010b) . Each point in Figure 3 presents the rate of pass through resulting from a fixed effects panel regression of "Cumulative Import Price Change over last N Months" as dependent variable on "Cumulative Exchange Rate Change over last N Months" as independent variable, with N varying from one to 24. Table 1 and Figure 3 document that the response of import prices to exchange rate movements is much higher for the yuan than for the rest of the world. Is this a result of the different nature of the exchange rate shocks that drive the yuan as opposed to other exchange rates, or is it simply driven by the different composition of imports from these two regions? Section 6 below deals with the issue of sectoral heterogeneity in detail, but a first gauge at this question is presented in Table 2 . Table 2 documents that the pass-through rate is higher for the yuan than for the ROW exchange rate in each of the 15 3-digit NAICS industries with enough observations making it possible to estimate a separate pass-through regression. The rate of pass through at the 3-months horizon varies substantially across the sectors, but it is true that the passthrough rate is higher for the yuan than for the ROW exchange rate in all 15 sectors. This indicates that it is not the sectoral composition, but rather the source of the exchange rate movements that is behind the high pass-through rate of the yuan. Table 2 , however, also emphasizes that the heterogeneity in the rate at which exchange rates pass through into prices is of high economic significance and needs to be addressed when simulating the inflationary impact of a yuan revaluation.
Pass Through Into Producer Prices

The Effect of Exchange Rates On US Producer Prices: ReducedForm Estimations
This section estimates the pass-through rate of exchange rate fluctuations into the PPI. The BLS defines producer prices as those received by domestic producers for their output. Thus, when evaluating exchange rate pass through into producer prices, the analysis of this paper primarily investigates how domestic US firms respond when the yuan moves.
10 Figure 4 gives a first overview of whether and to what extent exchange rate changes affect US producer prices. I repeat the exercise presented in Figure 3 , but this time with the cumulative change in the sector's US producer price index as dependent variable. The cumulative pass-through rate is estimated at various horizons and for changes of the yuan (black solid line, surrounded by two dashed lines representing the 95% CI), as well as for exchange rate changes of the ROW exchange rate (grey solid line, surrounded by two dashed lines representing the 95% CI). The pass-through coefficients displayed in this figure are computed in the following way. Consider a pass-through regression with a horizon of Figure 4 presents the rates of pass through resulting from a fixed effects panel regression of "Cumulative Producer Price Change over last N Months" as dependent variable on "Cumulative Exchange Rate Change over last N Months" as independent variable. Figure 4 documents that yuan changes substantially affect the US domestic prices of traded goods, while there is much weaker pass through of ROW exchange rate changes. Depending on the time horizon, the pass-through rate into producer prices is estimated between 0.38 and 0.62 for the yuan, where the pass-through rate first increases and then decreases with the horizon. In contrast, pass-through of ROW exchange rate movements is small and often insignificant (or even negative and significantly so).
A word of caution is in order: it is premature at this stage of the analysis to conclude that a yuan appreciation has a substantial effect on overall US PPI. The sample includes only manufacturing goods with a weight of slightly less than 30% in the PPI index. Additionally, these pass-through coefficients only reflect the unweighted average pass-through rate. Chinese exports might be concentrated in sectors with low pass-through rates, so that the average weighted pass-through rate could be very different from the results presented in Figure 4 . The analysis deals with this issue below. Before that, however, it is noteworthy to point out the precise mechanism through which the exchange rate affects producer prices.
From Import Prices to Producer Prices
The above analysis presents evidence on the extent to which exchange rate movement pass through into import prices and on how exchange rate movements pass through into producer prices. This section examines the underlying mechanism, i.e. it investigates how import prices changes that are themselves induced by exchange rate changes in turn affect producer prices. To the best of the author's knowledge, this study is the first to quantify this effect. Tables 3 and 4 , as well as Figure 5 , examine the rate of how changes in import prices pass through into producer prices. Consider first Table 3 . In Columns (1) and (2), the dependent variable is the monthly change in the producer price at the 5 digit NAICS level and the fixed effects panel estimations include a trend.
An important question one could ask is why not use the information of import prices instead of the exchange rate to estimate the rate at which import prices affect producer prices? Columns (1) and (2) serve to document the difference between these two approaches. In the OLS panel specification in Column (1), the only independent variable is the 1-month contemporaneous change in the sector's import price. The Two-Stage Least Square (2SLS) estimation presented in Column (2) instruments for this change in the import price with the 1-month change in the yuan exchange rate. Since the first stage is identical to the estimation of Column (1) in Table 1 , it is omitted from Table 3 . To test for weak identification, the bottom of Table 1 reports the p-value associated with Anderson's canonical correlation LR statistic and the Cragg-Donald F statistic. The 2SLS estimation reveals that the effect of import competition is larger than an OLS estimation would suggest: the coefficient is estimated at 091, more than three times the point estimate in Column (1).
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Columns (3) and (4) again compare the OLS to the 2SLS estimates, this time at the 3-months horizon. For this horizon, the 2SLS estimate and the OLS estimate differ less: while the OLS estimation predicts that a 1% change in the average import price index is associated with a 0512% change in the average producer price, the 2SLS estimation predicts that the same change is associated with 0692% change in producer prices.
In order to gauge whether the results of Columns 1 to 4 are representative also for other horizons, Figure 5 presents the pass-through coefficient for the OLS and 2SLS specifications estimated at horizons up to 24 months. As in earlier graphs, also the upper and lower borders of the 95% confidence interval for each pass-through coefficient are reported. At most horizons (expect the 1-month and at horizons over 20 months), the coefficient is stable throughout time and estimated at roughly 07 for the 2SLS estimations in contrast to roughly 06 for the OLS Estimations
Since the analysis in Figure 5 suggests that the pass-through coefficient is comparable for different horizons between 3 and 20 months of length, I continue with some robustness analysis for the 3-months horizon in Table 3 .
Columns (5) to (7) add the lagged 3-months change in the import price (i.e. the change in the price from months -6 to -3) to the estimation. This is done for the OLS specification in Column (5) and for the 2SLS specification in Column (6) . Column (7) does not simply add the lagged 3-months change in the sector's import price to the specification, but rather instruments for it. In order to be able to instrument for two endogenous variables, also the lagged 3-months change of the yuan exchange rate is added as an instrument to the first-stage estimation.
The specifications of Columns (5) to (7) imply that also lagged changes in import prices have an effect on consumer prices. However, while the coefficient is estimated at around 01 when this variable is directly added to the specification, it is estimated at 037 when also this variable is instrumented for.
Columns (5) to (10) suggest that OLS estimations fail to pick up the correct timing of the pass through of import prices into producer prices. Consider, for example, the estimations including the 3-months change in the import price and the lagged 3-months change in Columns (5) and (7) . The OLS estimation in Column (5) predicts that the timing is rather instantaneous with the coefficient of the contemporaneous import price change estimated at 05 and the one for the lagged change at 012. The specification where both these lags are instrumented for, in contrast, estimates the contemporaneous import price change coefficient to be only 042, while the coefficient for the lagged change is estimated at 037.
To further investigate the extent to which lagged changes in import prices matter for current producer price dynamics, the next specification adds two more lags of the 3-months exchange rate change, i.e. the exchange rate changes 12-9 and 9-6 months ago. The OLS panel estimation is presented in Column (8), the basic 2SLS specification with only the 3-months exchange rate movement instrumented for in Column (9), and the full 2SLS specification with all four exchange rate movements instrumented for in Column (10). Again, all three specifications suggest that also lagged changes are of importance for current changes in producer prices, and again, this is more pronounced in the specification with also the lags instrumented for.
A word of caution is in order regarding the estimation in Column (10), which includes four endogenous variables and four instruments. Although the Anderson canonical correlation statistics suggests that the specification is well identified, the Cragg-Donald F statistic is estimated at only 234 (Stock and Yogo do not report critical values for more than 3 lags).
To make sure that the 2SLS estimations at longer horizons are well-identified, Table 4 again examines the timing dimension of pass through. In Columns (1) to (6), the dependent variable is the cumulated 3-months change of the US producer price at the 5-digit NAICS level.
In the OLS panel estimations in Column (1) and in the 2SLS estimation in Column (2), the independent variable includes the 3-months change in the corresponding import price at the 5-digit NAICS level. In addition, the estimation includes 3 auto regressive terms: the 3rd, 6th, and 9th lag of the 3-months change in the producer price. Again, the results indicate that the OLS estimation underestimates the impact of import prices on US producer prices. Both OLS and 2SLS estimations suggest that there is quite a pronounced autoregressive pattern of prices.
To further investigate the timing of the pass through of import into producer prices, I next add the 3-months lag of the import price change in Columns (3) and (4). This specification reveals that the overall 6-months pass-through rate (sum of the coefficients for the 3-months change and the lagged 3-months change) is estimated at 0.93 in the 2SLS estimation, nearly twice the estimate (0.48) in the OLS estimations. Columns (5) and (6) add further autoregressive terms to this specification, confirming the previous finding that producer prices strongly mean-revert. The overall 6-months pass through rate (sum of the coefficients for the 3-months change and the lagged 3-months change) is estimated at 0.82 in the 2SLS estimation, which is substantially larger than the OLS estimate of 0.46.
In order to be able to instrument for import prices at longer horizons, the next specifications include 6-months changes instead of 3-months changes, enabling me to study pass through up to a year while including (and instrumenting for) only two endogenous variables. In Columns (7) and (8), the dependent variable is the 6-months change in the producer price. The independent variables include lags of the producer price change up to the 24-months horizon and changes in import prices up to the 12-months horizon. For this specification, the overall 12-months pass-through rate is estimated comparable for the 2SLS and OLS estimations (sum of the coefficients for the 6-months change and the lagged 6-months change equals 096 vs. 087). However, the difference in the timing of the impact in the two specifications is even more pronounced than in the other specifications: while the contemporaneous and the lagged coefficient are estimated at 051 and 027 respectively in the OLS estimation, the timing of pass through is roughly reversed in the 2SLS estimation. In the latter specification the contemporaneous and the lagged coefficient are estimated at 028 and 058 respectively.
Throughout Table 4 , two main patterns stand out. First, OLS estimations understate the impact of import prices on producers prices by about a third. Second, OLS estimations also do not get the timing right: while the 2SLS estimations predict that it takes some time until import prices feed into producer prices, the OLS estimations predict that the impact is mostly instantaneous.
Heterogeneous Pass Through Rates Across Sectors
So far, the analysis unveils that changes in the yuan-dollar exchange rate and the associated import price movements have a large effect on US producer prices. Next, I want to dig somewhat deeper into the determinants of the rate of pass though into import and producer prices at the sectoral level.
In this section, I thus relate the pass-through rate to sector characteristics such as labor intensity, openness to trade, elasticity of demand, importance of traded intermediate goods in production, and openness to trade. Doing so helps to understand the microeconomics behind how exchange rates ultimately affect inflationary pressure, and moreover, these exercises are also helpful for refining the simulations of the inflationary effect of a potential appreciation of the yuan undertaken in Section 9 below.
A heterogeneous response of producer prices to exchange rate changes may derive from either a differing response of import prices to the exchange rate or from the differing response of producer prices to import prices. The analysis thus proceeds with two different sets of empirical test. In the first set of tests, reduced-form estimations that directly relate yuan changes to changes of producer prices are presented for various subsamples. In the second set of tests, the 2SLS estimation results for the various subsamples are presented. Table 5 presents reduced-form estimations relating changes in the yuan/dollar exchange rate to changes in producer prices. Although this has the cost of losing some interpretability (owing to the lack of a first stage) it comes at the benefit of having a much larger sample, since producer prices are available for 320 sectors, while there are only 110 import prices.
The structure of Table 5 is the following. I present four different types of pass-through regressions in Panels A, B, C, and D. In Panels A and B, the dependent variable is the 3-months change in the producer price. In Panel A, the only independent (in addition to fixed effects and a trend) variable is the contemporaneous 3-months exchange rate change. In Panel B, a lag of the latter variable is added to the estimation. In Panels C and D, the dependent variable is the 6-months change in the producer price. In Panel C, the only independent (in addition to fixed effects and a trend) variable is the contemporaneous 6-months exchange rate change. In Panel D, a lag of the latter variable is added to the estimation. For these four types of pass-through regression, the sample is next always split by a sector-specific characteristic.
It is important that these sector characteristics fulfill two requirements. First, each characteristic needs to be stable throughout time, so that the sample included in each of the columns of Table 5 is stable throughout time. This is important, since for example changes in labor intensity could be driven by exchange rate movements themselves so that not keeping the sample split stable would induce the sample composition to be correlated with the dependent variable.
Second, these characteristics should not be affected by demand conditions in China or the US during the period studied in this paper.
What is needed to split the sample is an external measure of an industry's intrinsic characteristics, i.e., a variable reflecting the fact that in some industries there are technological reasons to use more labor or more traded inputs than in other industries. I thus use only US industry information before December 2003 to construct these measures, implicitly assuming that if is true that in the United States in the years leading up to 2004, the production of one good requires relatively more inputs or labor than the production of another good, the same is true for Chinese imports at the current juncture.
In Columns (1) and (2), the sample is split by average labor intensity, which is taken from Auer and Fischer (2010) and defined as the ratio of expenditures on labor divided by expenditures on capital in the US. Auer and Fischer use information from the BLS' Annual Survey of Manufacturing to calculate the latter expenditures, and they also average the labor intensity throughout time so that the resulting variable does not vary within a NAICS 5-or 6-digit sector.
   = P 97−03    P 97−03    All four different estimations of Panels A to D reveal that the rate of pass-through into producer prices is much higher in sectors with relatively more capital expenditures as compared to labor expenditures. For example, while the 3-months rate of pass through (see Panel A) is 0.24 in the sample of labor intensive sectors, it is estimated at 0.77 in the rest of the sample. These economic magnitudes are roughly confirmed by the estimations including lags at the 6-months horizon. In addition, it seems that pass through is rather lagged in capital intensive sectors, while it happens rather contemporaneously in the rest of the sample.
In Columns (3) and (4), the sample is split by the elasticity of demand, taken from Broda and Weinstein (2006) . As is to be expected, the pricing response is larger in sectors with elastic demand. Panels B and D do not unveil differences in the time profile at which exchange rate changes pass through into prices.
In Columns (5) and (6), the sample is split by input intensity, defined following Schott (2004) . Trade flows at the 10-digit Harmonized System (HS) that contain the words "Input", "Part", "Intermediates" and variants thereof in the good description are classified to contain intermediate goods. The resulting dummy is then aggregated to the 6-digit NAICS level taking into account the weight of each 10-digit HS goods in the respective 6-digit NAICS sector. The resulting variable thus measures the (volume-weighted) fraction of 10-digit HS goods within a 6-digit NAICS sector that includes intermediate goods (and can take any value between 0 and 1).
The estimation in Column (5) includes sectors that do not contain any intermediate goods (i.e. it includes only final consumption goods) and the estimation in Column (6) includes only sectors with at least some intermediate goods. The rate of pass through is much higher in the sample of Column (5) containing only final goods. Moreover, Panels B and D reveal that pass through is also more contemporaneous in sectors with final goods.
Sectors also differ substantially along many technological characteristics that determine whether the sector is more or less open to trade in equilibrium, which in turn might affect the equilibrium pass-through rate. In order to summarize all these characteristics, I next build a measure of trade openness to the rest of the world, defined by how much of the non-Chinese consumption in a sector (total US consumption minus US imports from China) originates from the rest of the world (total imports minus imports from China). The sample in Columns (7) and (8) Overall, Table 5 presents evidence that rate of pass through differs starkly between sectors with different characteristics. In order to get an understanding of why this is the case, Table 6 presents the same sample splits as does Table 5 , but this time for the 2SLS estimations where import price changes are instrumented for with exchange rate movements. In Panel B, also the second-stage is estimated for each sample split separately.
The exercise of Table 6 can show if the reduced from differences in pass-through rates found in Table 5 stem from either a difference in how exchange rates affect import prices, or from how import prices affect producer prices.
The structure of Table 6 is the following. The bottom Panel A presents the first-stage relation between exchange rate movements and import prices. The middle Panel B presents the second-stage estimation relating instrumented import prices to producer prices. Last (presented mostly for the sake of completeness), the top panel C presents the OLS relation between import prices and producer prices. As in the preceding Table, the sample is split by labor intensity (Columns (1) and (2)), demand elasticity ((3) and (4)), intermediate good intensity ((5) and (6)), and trade openness to the rest of the world ( (8) and (9)).
The main takeaway from Table 6 is that while there is rather little heterogeneity in how import prices affect producers prices, there is substantial heterogeneity in how exchange rate movements pass through into import prices. Consider first the second-stage estimation in Panel B. The rate of how import prices pass through into import prices is economically very comparable for the case of labor intensity and demand elasticity. 12 There is some heterogeneity in the rate at which import prices pass through into producers prices when splitting up the sample by openness to the rest of the world.
However, for all the four characteristics along which the sample is split up, there is a large degree of heterogeneity in the first-stage coefficients. For example, a 10% appreciation of the yuan is associated with a 9678% import price increase in those sectors that contain no intermediate goods (see Column (5)), but only a 3557% increase in sectors that do contain intermediate goods (see Column (6)), i.e. the pass-through rate into import prices is a factor three smaller. In contrast, the differences in the pass-through rate of import into producer prices (07551 in (5) compared to 05952 in (6)) are much smaller.
The Heterogeneity of Pass Through and Identification
The previous analysis finds that there is an economically quite significant difference in the extent to which import prices are affected by exchange rates, whereas the rate at which import prices pass into producer prices is rather homogenous across the sectors. This section utilizes this pattern in the data to examine the exogeneity of the yuan appreciation more closely. The fact that the response of import prices to the exchange rate is heterogeneous across sectors makes it possible to further test the 2SLS specifications. The latter are implicitly assuming that changes in the yuan exchange rate affect producer prices exclusively via their impact on import prices. To test this assumption, this section adds interactions of the exchange rate with a sector characteristics to the estimation as additional instruments.
Why is adding interaction instruments a meaningful exercise? To fix ideas, index sectors by  and denote changes in a sector's import and producer price by ∆  and ∆   respectively and a change in the exchange rate by ∆  . The determinants of prices are
For expositional clarity, (2) and (1) include both the aggregate shocks    and    and the sector-specific shocks    and    that are by definition of mean 0. The coefficient measuring the impact of the exchange rate on import prices is sector-specific (  ). If   = , one can only examine the system formed by (2) and (1) if it is true that the exchange rate change is uncorrelated to the average shock of producer prices (∆  ⊥    ), which seems reasonable since the yuan exchange rate is a managed currency. However, if   is sector-specific, one can even test whether ∆  ⊥    holds true in the data. To see this, consider two sectors  6 =  and look at the difference in import and producer price changes.
Given that differences in how import prices are affected by the exchange rate identifies differences in import prices, the 2SLS estimation can also be identified if ∆  ⊥    is violated. Table 7 presents estimations that use one of the interactions of the four sector characteristics and the exchange rates as instruments. One instrument (the exchange rate) satisfies the exclusion restriction only if ∆  ⊥    holds, while the other instrument (the interaction) satisfies the exclusion restriction also if the latter is not the case. Therefore, an overidentification test implicitly tests whether ∆  ⊥    holds true in the data. In Table 7 , each sector characteristic (labor intensity in, demand elasticity, input intensity, and ROW trade openness) is standardized so that the main coefficient for exchange rate changes is unaffected by the addition of the interaction term.
The structure of Table 7 is the following. Panel A presents the first-stage estimation relating the exchange rate and its interaction to changes in import prices. The estimations presented in Columns (1), (3), (5) , and (7) of Panel A include the change in the yuan rate and the interaction of this change with a sector characteristic as instruments. The specifications in Columns (2), (4), (6) , and (8) of Panel A include time dummies so that the change of the exchange rate -an aggregate variable -drops out of the estimation. Panel B presents the second-stage estimation results relating the instrumented change in import prices to the change in the producer price.
The specification of Column (1) instruments for the change in the import price with the exchange rate change and with the interaction of exchange rate change and labor intensity (since all estimations include fixed effects, the labor intensity itself is not included). Since there are two instruments and only one endogenous variable, one can test the overidentified system for the mutual consistency of the two instruments. The bottom of Panel A reports the p-value associated with the Hansen J-statistic. In Column (1), the latter p-value is 046, i.e. there is absolutely no evidence that the two instruments are mutually inconsistent. The latter is also confirmed by the fact that the second-stage coefficients are not affected by the addition of the second instrument: with both instruments included, the rate at which import prices pass through into producer prices is 07098 (See Panel B, Column (1), Table  7 ), very similar to rate found when instrumenting with the exchange rate only (coefficient of 0691, see Column (4) of Table 3 ).
There is a second advantage of adding the interaction as an additional instrument. While the exchange rate varies only over time, the interaction of sector characteristics and exchange rate changes varies both by sector and time, thus allowing to filter out all aggregate month-to-month variation while still identifying the effect of import prices on producer prices. Column (2) adds time dummies to the specification of Column (1). Since the yuan exchange rate change is an aggregate variable, this variable is dropped from the estimation.
The estimation of Column (2) documents that also when filtering out all aggregate month-to-month variation (filtered out by the addition of time dummies) and all sector averages (filtered out by the fixed effects), there is a strong relation between import price changes and the interaction of exchange rate changes and labor intensity. Also the secondstage coefficient for the effect of import prices on producer prices remains highly significant and is comparable in magnitude to the previous findings (0756, see Panel B of Column (2)).
The rest of Table 7 repeats the exercises of Columns (1) and (2) for interactions of the exchange rate with different sector characteristics. In Columns (3) and (4), the exchange rate interacted with the elasticity of demand is added to the specification. The second-stage coefficient and the overidentification test in Column (3) suggest that also this interaction instrument confirms the findings of the analysis when using only the exchange rate as an instrument. However, the estimation in Column (4) reveals a simpler truth: the interaction of demand elasticity and exchange rate changes is simply not a powerful instrument once all the aggregate variation is eliminated from the data by including time dummies. In this specification, the p-value associated with the Anderson Canonical correlation statistic is equal to 0.09, i.e. this identification is weakly identified.
Columns (5) and (6) instead add the interaction of the exchange rate with the sector's input intensity, again finding results that are nearly identical to when only the yuan exchange rate is included as instrument. The same is true when the interaction of the sector's openness to the rest of the world with the exchange rate change is added to the estimation in Columns (7) and (8) .
Overall, Table 7 reveals that instrumenting with the interactions of sector characteristics and exchange rate changes confirms the findings of the previous analysis using only the yuan/dollar exchange rate as an instrument. Columns (1) and (2) of Table 8 show that this is also the case when adding all four interactions as instruments at the same time. Column (1) thus includes five instruments (the exchange rate and four interactions), while Column (2) includes time dummies and four instruments. Correspondingly, while the overidentification test of Column (1) tests whether the five instruments are internally consistent, the one presented in Column (2) only tests whether the four interactions yield mutually consistent estimates for the second-stage coefficient of import prices on producer prices. Both tests cannot be rejected at the 10% significance level.
Columns (3) and (4) of Table 8 repeat the specification with all four interactions added as instrument, but do this at the 6-months horizon rather than the 3-months horizon. Again, the overidentification tests do not rejected the hypothesis that the instruments are mutually consistent, and eliminating the exchange rate by adding time dummies in Column (4) does not considerably influence the second-stage point estimate. Columns (5) and (6), in turn, find the same patters at the 1-month horizon. Last, Columns (7) and (8) again estimate pass through into producer prices at the 3-months horizon, but add autoregressive terms to the specification, a refinement which matters, but again does yields the result that these five instruments are mutually consistent.
The analysis of this section, presented in Tables 7 and 8 , has further tested the assumption that the yuan exchange rate changes can be used as an instrument for import prices. The key insight was taken from Section 6 above that there is heterogeneity in the degree to which exchange rates pass through into prices. In this section, this heterogeneity was utilized to further test the exogeneity of the yuan appreciation to US demand conditions. 13 
The Response of Import Volume to Yuan Changes
The above analysis concentrates on the price response to exchange rate movements. I next briefly investigate the response of import volume. Of course, given the prominence the "global imbalances" topic has received in the press such an exercise has been attempted in numerous studies before (see the various studies undertaken and summarized in Claessens et al. (2010)). However, the dataset in this study contains only sectors for which information on prices is available, thus making it worthwhile to evaluate whether the quantity response in this sample is comparable to the findings of the existing literature. Figure 6 presents the cumulative response of the volume of imports from China (changes of the natural logarithm of dollar import volume) at various horizons. The coefficients displayed in this figure are computed in the following way. For each N-months Horizon, Figure 6 presents the change of "Cumulative Change of $ Import Volume over last N Months" as dependent variable on "Cumulative Exchange Rate Change over last N Months" as independent variable, where N can take values from 1 to 36. Also the associated 95% CI for each horizon is displayed.
There is no response of import volume up to horizons of 16 months. Thereafter, the response is increasingly negative and the elasticity gradually increases in magnitude to around −5 after two and a half years. Thereafter, it roughly stays constant at this level.
Appreciation Scenarios
I next use the findings of the above analysis to estimate the inflationary impulse of a yuan appreciation on the US general producer price inflation rate. For these predictions, I combine the previous findings and account for the fact that pass through is heterogeneous along the dimension of input and labor intensity and along the dimension of demand elasticity. 14 The simulations account for the fact that exchange rate changes might affect producer prices only with a lag and also, that producer prices themselves have an autocorrelation structure. Last, each sectoral pass-through rate is multiplied by its weight in the official US PPI. Since the total weight of the sectors included in this study is less than 30% of the PPI, the magnitude of the overall effects as a percentage of the PPI is about a third than what the coefficients in the analysis above suggest.
A brief discussion of the external validity of the coefficients that are derived from the 2005-2008 experience to a potential appreciation at the current juncture is in order. What is crucial for these coefficients to be externally valid today is whether the current situation is comparable to 2005-2008 in the following sense: during that period of time, Chinese policy makers revalued their currency due to political pressure from the US and they did it by attaching a substantial weight on the euro and on other currencies when setting their exchange rate. As the euro rose against the dollar, also the yuan appreciated against the US dollar.
Also today, the dollar has substantially depreciated against the euro compared to 2008 and there is ample political pressure demanding that China revalue its currency. Therefore, both the macroeconomic and the political circumstances during 2005-2008 are comparable to the current backdrop. Consequently, the point estimates derived from the 2005-2008 appreciation contain valid information that can be used to establish the effects of an appreciation at the current juncture. Figure 7 presents the size of the total relative shock in terms of the US PPI inflation rate, i.e. it answers to the following counterfactual. Assume that the yuan appreciates, that the prices of traded goods respond as described in the above analysis and also that this relative price shocks inflationary impulse of two different yuan-revaluation scenarios. For each scenario, Figure 7 displays the impulse on the annual inflation rate, i.e. the predicted year-overyear inflation rate with the appreciation minus the predicted year-over-year inflation rate without the appreciation. The red solid line corresponds to a scenario where the yuan appreciates for 10 months at a rate of 25% per month. The total predicted impact on the US PPI peaks at well over 5 percentage point around the end of the 10 months appreciation window. For the second scenario where the yuan appreciates at 1% per month for 25 months, the total impact on the PPI does not exceed positive 2 percentage points, but it is also quite more long-lived: the total shock on the US producer price index exceeds 1 percentage point for a period of nearly two years. Figure 7 documents that a yuan revaluation would result in a sizeable relative price shock. On theoretical grounds, however, it is not clear that relative price shocks affect equilibrium inflation, because price decreases by firms experiencing substantial import competition could be offset by price hikes in other parts of the economy. Ball and Mankiw (1995) note in this context that one needs to evaluate the distribution of price shocks. Ball and Mankiw argue that in the presence of menu costs, firms adjust their prices to large external shocks but not to small shocks. Therefore, large shocks have disproportionate effects on the price level and aggregate inflation depends on the distribution of relative-price changes: inflation rises when the distribution is skewed to the right and falls when the distribution is skewed to the left. Figure 8 examines the sectoral distribution of price shocks that result from the yuan appreciation. It reports two univariate kernel density estimates for the 25% appreciation of the yuan spread over either 10 months (red solid line) or 25 months (orange dashed line). The size of the monthly price shock in each sector is measured as a percentage and is displayed on the horizontal axis, while the density (in sector-months observations) is displayed on the vertical axis. Figure 8 covers the 30 months after the appreciation. Figure 8 reveals that a rapid appreciation (2.5% per month) would lead to a strongly right -skewed distribution of relative price shocks. Thus, considerations like those of Ball and Mankiw (1995) imply that at this pace a yuan-revaluation is likely to also affect U.S. aggregate PPI inflation.
Interestingly, the effect on the distribution of relative price shocks is much more contained when the yuan raises at 1% per month. The reason for this is that the mean-reverting pattern of sectoral prices starts to be relevant around 9 months after the appreciation (and more thereafter). Since the sectors that are the most affected by the appreciation are also the ones where the mean-reversion has the most effect, the slower rate of appreciation leads to less extreme sectoral price shocks.
Conclusion
The course of US inflation over the next years may be closely intertwined with the resolution of global imbalances. The rise of cheap imports from China was a major contributing fact to the low inflation environment during the last decade. For the US, show that the rise of import competition from low wage countries has decreased US inflationary pressure by around half a percentage point during the last decade, and they also show that most of this was due to the rise of China. If an appreciation of the yuan is aimed at restoring a balanced US-Chinese current account and is successful in doing so, it seems straightforward that also the disinflationary effect will be reversed.
The analysis of this paper quantifies the relative price shock resulting from a yuan revaluation using a new estimation technique that investigates first the response of import prices on the yuan/dollar exchange rate, and then in a second step the consequent response of US producer prices.
The analysis finds much bigger effects that is commonly assumed. For example, in a sample of 110 manufacturing sectors, the rate of pass through into import prices is estimated at around 0.8 and into US producer prices it is estimated at around 0.5. Taking into account that the rate of pass through is heterogeneous across sectors, that the timing of pass through into producer prices matters, and that producer prices also have an autocorrelation structure, simulations reveal that a substantial revaluation of the yuan also would imply a substantial upward impulse on the prices of traded goods in the US. US policymakers need to take into account these considerations when deciding on their course of action regarding the trade policy versus China. Figure 8
